Before the development of controlled hypothermia as a therapeutic measure in man little was known of the effects of prolonged lowering of the body temperature in the human subject. The pioneering work of Smith and Fay (1940) and of Talbott (1941, 1944) in the use of refrigeration for the treatment of malignant disease, schizophrenia, and intractable pain has found little support and the technique is now most widely used as a means of lowering metabolism during surgical operations (Lewis and Taufic, 1953) . The earlier work enabled studies to be made on the conscious subject in conditions suitable for observation. The effect of progressive hypothermia on the human nervous system was described by Davis (1940), Smith (1941), and Dill and Forbes (1941) . A striking feature of these reports was the hyperreflexia and muscular rigidity shown by the majority of patients at a particular range of temperatures. These authors were unable to give a satisfactory explanation of this phenomenon. This paper reports observations on a case of spontaneous hypothermia which suggest a possible mechanism.
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Before the development of controlled hypothermia as a therapeutic measure in man little was known of the effects of prolonged lowering of the body temperature in the human subject. The pioneering work of Smith and Fay (1940) and of Talbott (1941, 1944) in the use of refrigeration for the treatment of malignant disease, schizophrenia, and intractable pain has found little support and the technique is now most widely used as a means of lowering metabolism during surgical operations (Lewis and Taufic, 1953) . The earlier work enabled studies to be made on the conscious subject in conditions suitable for observation. The effect of progressive hypothermia on the human nervous system was described by Davis (1940) , Fay and Smith (1941) , and Dill and Forbes (1941) . A striking feature of these reports was the hyperreflexia and muscular rigidity shown by the majority of patients at a particular range of temperatures. These authors were unable to give a satisfactory explanation of this phenomenon. This paper reports observations on a case of spontaneous hypothermia which suggest a possible mechanism.
The clinical picture of progressive hypothermia is described by Fay and Smith (1941) Davis (1940) thought that the " pseudospasticity" was probably local though his cases also showed hyperreflexia. Gagge and Herrington (1947) Severe muscular rigidity was observed in a case of accidental hypothermia reported by Laufman (1951) .
He seems to have considered that the muscles were actually " frozen", though the point is not discussed.
Increased reflex activity and resistance to passive movement were promhinent in the subject of the present report.
Case History A 77-year-old man was found by the rent collector lying apparently dead in the house in which he lived alone. He had not been seen by his neighbours for four days. The police were called and it was then established that, although the body was extremely cold, the man was breathing. He Andrew's (1952) stimulator three measurements of the time-constant (X) of accommodation (Hill, 1936) of the right ulnar nerve were made when the rectal temperature was 23 to 260 C. The values of X calculated from the curves shown in Fig. 1 Kugelberg (1944) . The values obtained in the hypothermic patient are comparable with those found in patients with latent tetany (Fig. 1 ).
-I- Post-Mortem Examination.-Necropsy performed by Dr. H. E. Hutchison 18 hours after death showed aleukaemic lymphatic leukaemia with terminal hypostatic pneumonia. There were two small areas of cerebral softening, one in the right insula (1 cm. diameter) and an even smaller one in the right upper medulla. The brain, spinal cord, and peripheral nerves showed no other macro-or microscopic lesion. The glycogen content of the liver was severely reduced and none was present in a sample of the thigh muscle. The pituitary body was normal and the thyroid (7 g.) and adrenals (total 8 g.) though small were microscopically normal. In particular, the lipoid content of the adrenal cortex was not reduced.
Cause of Hypothermia and Death.-Because of the absence of hypothalamic, bilateral medullary, cervical cord, or endocrine disease sufficient to cause hypothermia from disturbance of thermoregulation and since there was evidence suggesting a fairly heavy fall on the right side, it is presumed that this old man fell, probably with sufficient severity to cause concussion. The small cerebral infarcts seemed too recent and too small to have caused his collapse. Bender (1928) and Rewerts (1949) found congestion and miliary haemorrhages in all parts of the brain in men who had died after prolonged exposure to severe cold. There was also vacuolization of nerve cells in Bender's (1928) case. In the present case the cause of hypothermia is uncertain. The aleukaemic leukaemia must surely have been coincidental. It seems likely that, after a fall, the patient lay, probably unconscious, for three or four days. He was indoors and well clad and the weather was average for the season. The maximum and minimum temperatures in Glasgow during the four days were 480 F. (90 C.) and 300 F.
(-1°C.) respectively. These temperatures were higher than those to which other reported patients with accidental hypothermia were exposed but, bearing in mind the age of the patient and the period for which he lay immobile, the climatic conditions were sufficient to cause hypothermia when it is considered that an unclothed conscious person remaining as motionless as possible while tensing all the limb muscles is unable to prevent a slow fall in body temperature at an environmental temperature as high as 27°C. and finds this very exhausting work (Hardy, Milhorat, and DuBois, 1938) . It has been calculated (Hardy and Soderstrom, 1938 ) that an ordinary sized man, exposed nude at 230 C., would have to produce at least 2,300 to 2,500 calories per day simply to maintain body heat and that below 280 C. the motionless human body cools as a physical body. The exhaustion of liver and muscle glycogen, with evidence of adequate thyroid, pituitary and adrenal function, suggests that the normal heat conservation mechanisms had been fully utilized and exhausted. Discussion The lowest rectal temperature compatible with life is unknown. In the human subjects of German experiments, sudden cooling of the body in water at 4 to 60 C. invariably caused death when the rectal temperature fell below 280 C. (Gagge and Herrington, 1947) , but survival with a lower rectal temperature resulting from gradual exposure to cold air has been recorded (Reincke, 1875; Laufman, 1951 ). Laufman's (1951) case is the only one recorded in which the rectal temperature was lower than in the present patient.
The circumstances of accidental hypothermia and the overruling requirements of therapy restrict the amount of physiological observation possible but there is a unique advantage in that observations can be made on patients with a body temperature lower than would be justifiable in therapeutic or experimental hypothermia. The patient reported here showed profound suppression of all vital activity and, indeed, was barely living. The postmortem findings suggest that his body's metabolism was insufficient to counter its loss of heat to the environment. When the body was heated slowly the pulse rate gradually increased, respiration deepened, and the patient began to make reflex responses to cutaneous stimuli. The eyeballs, at first fixed, began to rove independently. The tendon reflexes were never completely absent and were brisk even when the rectal temperature was 22.50 C. The resistance of the limbs to passive movement was considered normal. As the temperature increased, the response to sensory stimuli became more generalized and 194 JOHN A. SIMPSON even violent. At this stage (rectal temperature and Grant, 1944) . The latter phenomena are 260 C.) the arms were held close to the side with the attributed to reduced nerve accommodation forearms flexed and the hands clenched; the thighs  Erlanger, Blair, and *and legs were flexed. The position recalls that Skoglund and Uvniis, 1943) . The described by Fay and Smith (1941) . The tendon time-constant of accommodation of frog nerve was jerks were then very brisk but the plantar reflexes shown to be increased by cooling by Solandt (1936) remained plantiflexor throughout. The resistance and by Schriever and Cebulla (1938) . No cortlpleto passive movement was then greatly increased; mentary studies have been reported in the human it became extremely difficult to extend the arm for subject. In the patient reported above the timerecording the blood pressure. When the observations constant of accommodation of the right ulnar nerve were made it was considered that the increased was 128 to 235 m.sec. which is comparable with that resistance to passive movement was due to unin-found in latent tetany. No hypocalcaemia was hibited withdrawal from stimuli and that the posture present in this or in other recorded cases (Bernhard, was similar to that adopted by other unconscious 1940; Talbott, 1941) . These workers found no subjects, but the subsequent review of the literature evidence of alkalosis; indeed hypothermic patients on hypothermia suggests that this is not an adequate tend to develop acidosis (Dill and Forbes, 1941 (Kugelberg, 1944) and results in (1941) . These authors recorded the phenomenon repetitive firing of motor-units in response to a without explaining it. Dill and Forbes (1941) were single stimulus to the axone or arising spontaneously equally at a loss while recognizing that the muscles as in manifest tetany. It seems highly probable that could hardly be in a state of voluntary contraction, this is a major factor in the hyperreflexia of hyponor could the condition be described as a true thermia and the hypertonic state may be analogous " cold rigor" of muscle since it was abolished by to spontaneous tetany. If a peripheral nerve is further lowering of the temperature. Contracture, further cooled, increased refractory period (Adrian, abolished by further cooling but reappearing during 1914) and conduction block (Gasser, 1931) become rewarming to a certain temperature range and dominant until eventually " cold block" occurs. leaving no sequelae, could not be due to the necrotic The biphasic effect suggested here is not peculiar to lesions described in frozen muscle by Nageotte cold. Almost identical results follow various grades (1937) and by Smith, Ritchie, and Dawson (1915) , of ischaemia in a peripheral nerve. It seems probable and in immersion foot by Blackwood (1944) , nor that cold and anoxia each slow and eventually would a myogenic contracture be accompanied by prevent enzymatic processes responsible for the hyperreflexia. Kottke, Phalen, and Visscher (1944) oxidative metabolism of nerve which maintains considered the possibility that the muscular rigidity membrane potential and restores the membrane was due to " non-apparent shivering", which would after depolarization (Lorente de No, 1947) . Unforgive the phenomenon some survival value. Cer-tunately I was not familiar with the physiological tainly dogs subjected to cold show muscle rigidity literature when the observations were made and the at a temperature below that at which shivering dis-accommodation curves were not computed immediappears (Hegnauer and Penrod, 1950) . Similar ately so that the resemblance of the muscular phenomena were noted during cold narcosis in cats rigidity to that of tetany was not appreciated. by Simpson and Herring (1905) and Hamilton
It is possible that cold may have a similar action (1937) . It is possible that cold affects both the on the accommodation of muscle fibre, and indeed excitation and the contraction mechanisms of this is the probable explanation for the well-known skeletal muscle by slowing metabolic processes potentiation of myotonia by cold, but such an action (Walker, 1949) .
could not explain the muscular rigidity observed
In laboratory animals cold has been shown to unless accommodation was so reduced as to cause enhance spinal reflex activity (Toennies, 1938 ; prolonged spontaneous firing of muscle fibres. The Grundfest, 1941) , to cause synaptic facilitation technique of investigation used is a measure of (Granit and Skoglund, 1945) , and to induce iterative nerve excitability and does not give information response of peripheral nerve (Katz, 1936 ; Hoff about the state of the muscle. I have investigated
